phrasal, or sentential tendencies [4] . Recently, the textmining method has spread to health-related issues, where it is currently used widely [5, 6] . Recent research has shown that an analysis of the keywords of related texts posted by people online can be used effectively to detect health-related issues [7, 8] . Text-mining has also been shown to be useful in understanding the clinical characteristics and patients' concerns regarding a specific disease [9] [10] [11] .
Park and Ryu [10] used text-mining to analyze 399 samples of memoirs about fibromyalgia that had been posted on the internet. The clinical features of fibromyalgia and the patients' interests were found in the keywords.
If text-mining analysis of the full text of postings is useful, such analysis may also be effective for certain elements or characteristics belonging to a specific disease. For example, 'phrase net' analysis shows the link status of a keyword and can demonstrate a connection relation of words that appear with the specific keyword [10, 12] .
Through this type of analysis, it is possible to identify the words used in a sentence with a specific keyword.
On the other hand, this analysis is limited in that it can ignore various words or the importance (frequency) of words that are used with a specific keyword.
This study examined online texts on low back pain (LBP). LBP is one of the most common symptoms in modern society [13] , and a huge number of texts left by people with LBP are available online. The causes of LBP are very diverse, and multiple causes may be present [13] .
Acute LBP is often caused by sprains of muscles and ligaments [14] . In the case of chronic LBP, herniation, spinal stenosis, zygapophyseal (facet) joint syndrome, and sacroiliac joint dysfunction are known to be major causes; many other causes are also known [15] . For example, nerve compression may be the cause if radicular leg pain is seen in the lower extremities [16] .
LBP is the most common disease in modern society with a wide variety of causes and symptoms. The clinical characteristics of LBP and the needs and demands of patients with LBP are difficult to understand because of the various clinical characteristics. General studies have many practical problems in helping to understand LBP and patient with LBP. In particular, the time and expense of interviewing or surveying patients with LBP is enormous.
In addition, because it is difficult to target many people, there are restrictions on generalization. As reviewed previously, the analysis of vast amounts of data online can be useful to generalize the characteristics of a disease and the concerns of patients. Therefore, this study examined whether text-mining is effective in helping to better understand the general characteristics of LBP and its specific element.
Ⅱ. Methods
The online forum data from www.spine-health.com was used. According to alexa.com (http://www.alexa.com/ siteinfo/spine-health.com), as of September 11, 2018, this forum was a popular spine health-related website with a global ranking of 15,753 (6,009 in the US). The site is largely composed of content that communicates information on the spine's health and forums where information is exchanged by affected patients. The key search words to find this site include lower back pain (1.55%), sciatica (1.31%), sciatic nerve (1.28%), chiropractor (1.03%), and piriformis syndrome (0.74%). Regarding the demographics of the participants of this site, most were from the United States (51.4%), India (6.9%), United Kingdom (5.4%), Canada (4.2%), and Australia (4.2%).
To obtain the natural language data from the forum, The retrieved data were saved into a text file to produce a structured and analyzable dataset. A total of 5,060 discussions were collected.
Next, information, such as keyword lists and word frequency lists, were generated using R, a free software available on the internet that is often used by corpus linguists and social scientists for statistical computing and graphics. A dataset was also made by categorizing the words of the text file into nouns and adjectives using a Stanford Part-Of-Speech Tagger, which assigns part-ofspeech tags to individual words. The unnecessary and functional words, such as articles (e.g., 'a', 'the'), conjunctions ('and', 'but', etc.), and pronouns ('I', 'you', etc.) were then eliminated. Number-related words (e.g., 'one', 'two', etc.), calendar-related words (e.g., 'day', 'week', 'month', 'January', 'February', etc.), and common people-related words (e.g., 'anyone', 'everyone', etc.) were also eliminated. After these processes, 550,533 remaining words had LBP-relevant data. Ⅲ
. Results Table 1 lists the top 100 words appearing in the online forum based on the keyword frequency (nouns and adjectives). According to the analysis, 'pain' was the most frequently posted word. Pain is the main complaint of LBP patients and is a defining symptom of the disease. This means that pain is the most distinctive issue, suggesting it is the most important word characterizing LBP. Therefore, understanding how the word 'pain' is used in the postings may provide relevant information for understanding the pain of LBP. For the purpose of this study, only sentences containing the word 'pain' were extracted from the whole text data; the frequency of the keywords from those sentences was analyzed (pain-text analysis). A total of 164,740 words were obtained from pain-text analysis. Table 2 lists the top 100 words, and 'pain' is clearly the most frequent word. The two analyses revealed differences in the characteristics of the keywords.
These differences represent the most important component of the results of this study. The main results of the two analyses are discussed in the following sections.
1) Full-text analysis is dominated by structural, pathological, and therapeutic words
In both keyword frequency analyses (full-and pain-text), 'back' was the next most-frequent word after 'pain.' 'Back' is used to describe the pain and is part of the name of the disease. 'Lower' was also ranked highly in each analysis (Tables 1, 2), indicating that 'lower back pain' is used mostly as the disease name in posts. These results suggest that users who left posts considered their illness to be a major concern. 'Disc' ranked 3rd in full-text analysis (0.75%), but it was 22nd (0.26%) in pain-text analysis (Tables 1, 2). 'Disc' refers to the disc structure between the vertebral bodies and is also a keyword for disc herniation. Similarly, words for structures such as 'spine' and 'lumbar' appeared more often in full-text analysis than in pain-text analysis ( Tables 1, 2 Words related to therapeutic methods such as 'surgery', 'fusion', 'therapy', and 'injections' were found at a relatively higher rate in full-text analysis compared to pain-text analysis (Tables 1, 2). 'MRI,' a diagnostic method, was also found more frequently in full-text analysis than pain-text analysis (Tables 1, 2) .
2) Pain-text analysis was predominantly related to the location and quality of the pain Both analyses contained words related to body parts as well as the words 'leg,' 'legs,' 'hip,' and 'foot,' all of which occurred at a relatively higher rate in pain-text analysis than in full-text analysis. (Tables 1, 2 ). In addition, 'knee,' 'feet,' 'butt,' thigh,' 'hips,' buttocks,' and 'buttock' were found only in the top 100 of pain-text analysis ( The words for these body parts correspond to the areas of back pain or where back pain radiates. No words related to head or upper limbs were found in the top 100 of either analysis. Words related to the quality or appearance of pain, such as 'severe', 'numbness', 'chronic', and 'painful' were found in both analyses but were observed at a relatively higher rate in pain-text analysis than in full-text analysis ( Tables 1, 2 ). Other words related to the quality and appearance of pain, such as 'constant', 'sharp', 'burning', 'extreme', 'excruciating', and 'intense' were also found among the top 100 of pain-text analysis ( Table 2) .
Ⅳ. Discussion
This study used a text-mining method to analyze 5,060
samples of discussions of the specific disease LBP that were posted in the forum www.spine-health.com. First, a keyword frequency analysis of the full text of the posts was performed, and the most frequent word was 'pain'.
For the main purpose of the study, the same keyword frequency analysis was performed by only extracting the sentences that included the word 'pain'. This section discusses the main results of this study.
First, the specific words for the anatomical structures, pathologies, and pain sites associated with LBP were abundant in both analyses. This suggests that these keywords represent the general clinical features of LBP.
Several studies analyzing online illness experiences have already shown this trend [10, 11, 17, 18] . to be viewed selectively [20] .
One thing to mention in pain-text analysis was the keywords regarding the intensity of pain, implying that the pain of those who posted was extreme, intense, and unbearable. In particular, 'excruciating' was the expression of the highest pain level according to the McGill Pain Questionnaire (MPQ) scale [21] . These observations suggest that patients with severe pain used the website more often than those with mild pain. When interpreting the results of online texts that are not controlled by the users, the main users can be estimated based on the results, which show their interests, indicating the possibility of using such results to provide certain services to them.
The results of this study suggest to clinicians what areas they should be concerned about when dealing with LBP.
First, a more attentive approach to the pain a patient is experiencing is needed. The main concern for patients with LBP was pain. In addition, patients who left their own experiences online apparently had unusual pain. These results suggest that clinicians should be more interested in the pain their patients are experiencing and allow them to talk more about their own pain. This study also found that patients with LBP want to ask questions and know about their illness even online, meaning that they are was attributed to the processing of large amounts of unspecified data, which may be a limit of text-mining techniques that process significant amounts of data [10] .
Second, although the data are uncontrolled, the study results can be biased by several factors, such as the nature of the website and the pathological status of the people posting the text. Therefore, it is important to understand the background of the source when analyzing and interpreting uncontrolled text data. Clinically, these results suggest that clinicians should pay more attention to the pain a patient is experiencing, and provide information based on their medical knowledge.
Ⅴ. Conclusion
The results of this study confirmed that various clinical features related to LBP were well reflected in the keywords.
More information on the characteristics of pain in LBP was found when sentences containing the most frequent keyword "pain" were analyzed for their keyword frequency than in full-text analysis. These results showed that text-mining for a specific element (keyword) of a particular disease could identify and enhance the understanding of that factor. In addition, when analyzing text online, the nature of the website where the text was posted can affect the results. This suggests that a consideration of the text source is required when interpreting the results.
